INTRODUCTION
Mammalian spermatozoa, while in transit through the epididymis, acquire the ability to fertilize ova (Bedford, 1966 (Bedford, , 1975 Orgebin-Crist, 1967; Horan & Bedford, 1972; Pavlok, 1974; Orgebin-Crist et al., 1975) . The maturational changes which the spermatozoa undergo in the epididymis include: modification of the morphology of the acrosome (Bedford, 1965) ; changes in both the direction and vigour of motility (Acott & Hoskins, 1978; Olson & Hamilton, 1976) ; and metabolic alterations (Voglmayr et al., 1967) . In recent years considerable attention has been directed towards correlating modifications to the properties of the plasma membrane of the spermatozoa with the onset of functional competence. The plasma membranes of maturing spermatozoa have been examined by freeze-fracture electron microscopy and by their binding of colloidal Fe(OH)2, lectins and antibodies (Cooper & Bedford, 1971; Edelman & Millette, 1971; Nicolson et al., 1977; O'Rand, 1977) . Results from this (Murphy & Carroll, 1984) and several other laboratories (Lea et al., 1978; Olson & Hamilton, 1978; Hoskins et al., 1979; Kohane et al., 1980; Faye et al., 1980; Moore, 1980; Voglmayr et al., 1980; Wong et al., 1981; Wong & Tsang, 1982) suggests that spermatozoa in the epididymis become coated with specific proteins which are secreted by distinct regions of the epididymis. In several animal species the association of secreted proteins with spermatozoa occurs in the region of the epididymis where fertilizing ability is first acquired by the spermatozoa. Studies in this laboratory (Devine & Carroll, 1985) comparing the protein compositions of fluids from segments of the mouse epididymis with extracts from the plasma membrane of spermatozoa, showed that the corpus and cauda epididymis secreted a glycoprotein (Mr 26000) that was detectable on the surface of cauda, but not of caput, spermatozoa. In the present study, antibodies against fluid from the mouse cauda epididymis were raised in the rabbit and the antibodies were employed to locate the sites of antigen secretion in the epididymis and to detect the appearance of those antigens on the surface of the maturing spermatozoa.
MATERIALS AND METHODS
The mice used in this investigation were of the Q-strain and were 9-15 weeks of age. Female rabbits (New Zealand White strain) of body weight greater than 2 kg were used in the production of antibody.
All chemical reagents, proteins and enzymes were of the highest purity available and were purchased from BDH Chemicals, Poole, Dorset, U.K., or Sigma Chemical Co., Poole, Dorset, U.K. The following radiochemicals were supplied by The Radiochemical Centre, Amersham, Bucks., U.K.: L-[35S]methionine, specific radioactivity 660 Ci/mmol and isethionyl [1-14C] acetimidate with a specific radioactivity of 58.1 Ci/mol. Staphylococcus aureus (Cowan Strain 1) with Protein A on its surface (Pansorbin) was obtained from Calbiochem-Behring Corp., La Jolla, CA, U.S.A. Filters (HA type with pore size 0.45,m) were supplied by Millipore, London N.W. 10, U.K. Radioautography was carried out using Fuji Medical X-ray film (Fuji Photo, Tokyo, Japan). Freund's adjuvants were purchased from Gibco, Grand Island, NY, U.S.A.
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Abbreviations used: PBS, phosphate-buffered saline (136 M-NaCl/2 mM-KCl/6.5 mM-Na2HPO4/l.5 mM-KH2PO4), pH 7.4; FITC, fluorescein isothiocyanate.
* To whom correspondence and reprint requests should be sent.
Collection of spermatozoa from the reproductive tract Spermatozoa were extruded, -using gentle pressure, from segments of the reproductive tissues which were immersed in 2 ml of PBS containing aprotinin at a concentration of 1 trypsin-inhibitor unit/ml. The spermatozoa were dispersed by gentle aspiration and freed from tissue by filtration through a glass-fibre filter. The filtrate was centrifuged at 500 g for 30 s to remove tissue fragments and the resulting supernatant was centrifuged at 500 g for 10 min to sediment the spermatozoa. This second supernatant served as the source of the luminal fluids after it had been clarified by centrifugation at 20000 g for 30 min at 4°C and discarding the sediment. The spermatozoa were washed twice by suspension in 1 ml of PBS and were then suspended in PBS at a density of 108 cells/ml. Preparation of antiserum Rabbits were injected subcutaneously with 2 ml of a solution that had been prepared by emulsifying equal volumes of luminal fluid (containing 5 mg of protein/ml) from the cauda epididymis with Freund's complete adjuvant. This injection was repeated twice at fortnightly intervals and blood was collected from the rabbits by cardiac puncture 8 weeks after the first injection. The blood was allowed to clot overnight at 4°C and was centrifuged at 750 g for 15 min. The serum was heated at 56°C for 30 min and antibodies that were not directed specifically against the proteins of the luminal fluid were removed by immunoadsorption against, successively, packed blood cells, liver and brain cells from adult mice according to the method of Herr & Eddy (1980) . The immunoglobulin fraction was purified by precipitation in (NH4)2SO4 and chromatography on DEAE-Sephadex A-50 (Harboe & Ingild, 1973) .
Fixation of tissues and spermatozoa
Tissues were fixed by immersion in a 5% (v/v) solution of formaldehyde in PBS for 3 h at 4°C and dehydrated by 3 x 1 h transfers to cold 95% (v/v) ethanol. They were then cleared by 3 x 1 h washes in xylene and embedded in histological wax at 60 'C.
Sections, 5 pum in thickness, were mounted on glass slides and washed at 4 'C by 2 x 1 min transfers through, successively: xylene, 95% ethanol and finally, a 0.2% (w/v) solution of Triton X-100 in PBS to decrease non-specific binding of antibody.
Spermatozoa were attached to glass coverslips by immersing them in a suspension of spermatozoa for 15 min at room temperature. Excess spermatozoa were removed by washing the coverslips for 2 x 5 min periods in PBS. The spermatozoa were then fixed on the coverslips by exposing them to a 2% (v/v) solution of formaldehyde in PBS for 30 min at room temperature. The fixed spermatozoa were then washed extensively in a 0.2% (w/v) solution of Triton X-100 in PBS.
Immunochemical examination of tissue sections
The tissue sections and spermatozoa were examined microscopically after they had been allowed to react with secondary antibodies that had been conjugated with either fluorescein or peroxidase. The samples were preincubated at 4 'C for 45 min with a 4% (v/v) solution of normal goat serum in PBS. Either pre-immune rabbit serum or the anti-(mouse cauda fluid) antibody were then added and the incubation was continued for a further 4-8 h at 4 'C. The pre-immune serum and antibody preparation were present at final concentrations of, respectively, 1 % and 0.4% (v/v) . The samples were then given 3 x 10 min washes in the 4% (v/v) solution of normal goat serum in PBS before being incubated for 30 min at 37 'C with a 0.1 % (v/v) solution of either FITC-or horseradish-peroxidase-conjugated goat antirabbit IgG. Incubations which contained FITC-conjugated antibody and all subsequent washing of the specimens were carried out in the dark. Excess of the secondary antibody was removed by washing with PBS, followed by a 0.2% (w/v) solution of Triton X-100 in PBS.
Fluorescence was observed in 0.1 M-NaHCO3 buffer, pH 9.5, by using a Carl Zeiss Jena fluorescent incident light microscope (Laboval 2a FITC).
Peroxidase-conjugated antibody was located after its reaction for 2 min in 0.05 M-Tris buffer, pH 7.5, containing 0.03% 3,3'-diaminobenzidine tetrahydrochloride and 0.015% H202. The tissue samples were then washed in distilled water and cell nuclei were stained with haematoxylin. The specimens were examined on a Zeiss IM35 inverted microscope and photographed by using Kodacolor Vr (ASA 400) daylight film.
Several controls were included routinely when spermatozoa and reproductive-tissue slices were examined for immunoreactivity: omission of the primary antibody; substitution of the primary antibody by the supernatant solution resulting from immunoprecipitation of the primary antibody with cauda fluid; and confirmation of the absence of reactivity of the antibodies with slices from non-reproductive tissues of the male mouse. Radioactively labelling the proteins of the plasma membrane in intact spermatozoa
Proteins on the surfaces of spermatozoa were labelled with isethionyl [1-14C]acetimidate at pH 8.0 by the modification described by Murphy & Carroll (1986) of the method of Whitely & Berg (1974) . About 108 spermatozoa were incubated for 30 min at pH 8.0 in 0.25 ml of buffer containing 120.4 mM-NaCl, 2.6 mM-KCI, 0.2 mM-CaCl2, 2.2 mM-MgSO4, 22.6 mmNaHCO3, 0.5 mM-K3P04, 5.0 mM-D-glucose and 50 ,uCi of isethionyl [1-14C]acetimidate. The reaction was terminated by adding 1 ml of PBS and removing the spermatozoa by brief centrifugation at 10000 g. The spermatozoa were washed twice with 1 ml of PBS and the reaction medium and PBS washes were retained. The radioactive spermatozoa were suspended in 0.5 ml of PBS containing 0.5 M-NaCl and 5 mM-EDTA for 20 min at room temperature and then centrifuged at 10000 g for 20 s. The spermatozoa were further extracted for 1 h at 4 'C with 0.5 ml of a 1 % (v/v) solution ofTriton X-100 in PBS containing 5 mM-EDTA. Finally, the residues of the spermatozoa were extracted with 0.125 M-Tris buffer, pH 6.8, containing 2% (w/v) SDS and 5% (v/v) 2-mercaptoethanol.
Protein synthesis by segments of the epididymis [35S]Methionine was incorporated into proteins synthesized by the caput, corpus and cauda epididymis which were maintained in vitro by using a modification of the method described previously (Devine & Carroll, 1985) . The segments of the epididymis were excised, trimmed free from fat and placed at 4°C into 2 ml of 20 mM-Hepes buffer, pH 7.4, containing 118 mM-NaCl, 5 mM-KCl, 2.5 mM-CaCl2, 1 mM-MgSO4, 1 mMNaHCO3, 1 mM-K3P04, 6.7 mM-glucose, benzylpenicillin and streptomycin sulphate (1000 units/ml each), amphotericin B (150 jug/ml) and aprotinin (1 trypsininhibitor unit/ml). The tubules were extended, cut into segments of approx. 2 mm in length and spermatozoa were extruded from them. The tissue segments were separately washed twice in the cold buffer and incubated for 4 h at 32°C in 1 ml of the buffer containing 50 ,uCi of [35S]methionine. As a control, equal lengths of the three anatomical regions of the epididymis were also incubated under the same conditions, but cycloheximide, at a concentration of 50 sg/ml, was included in the medium. At the end of the incubation the medium was removed and the tissues were washed twice with 1 ml of cold PBS. These washes were combined with the appropriate incubation medium and centrifuged at 15000 g for 30 min at 4°C; the resultant supernatant is termed 'secreted protein fraction'. The tissue sections were disrupted separately in 1 ml of PBS with a Potter-Elvehjem homogenizer and centrifuged at 15000g for 30 min; the supernatant is described as the 'soluble protein fraction'. The 'secreted' and 'soluble' protein fractions were separated free from [35S]methionine that had not reacted by gel filtration on a column (0.5 cm x 20 cm) of Sephadex G-50 previously equilibrated with PBS. Immunoprecipitation of radioactive proteins
[35S]Methionine-and isethionyl [1_l4C]acetimidatelabelled proteins from the epididymis and spermatozoa respectively were subjected to an immunoprecipitation reaction using a modification of the procedure described by Kessler (1975) . A 100 l1 portion of the radioactive protein solution (yielding 5 x 104 d.p.m.) was added to 1 ml of 0.1 M-Tris buffer, pH 8.2, containing: 1% (w/v) each of sodium deoxycholate and Triton X-100 and 0.500 (w/v) SDS, 0.1 M-KCI, 5 mM-MgCl2, 0.05% (w/v) NaN3, 1 mg of ovalbumin and, where appropriate, 2mM-Lmethionine. The suspension was mixed throroughly and then centrifuged at 15 000 g for 5 min. To the supernatant, either 10,1 of the purified rabbit anti-(mouse cauda fluid) antibody or 50 l1 of rabbit pre-immune serum were added and the mixtures were incubated for 3 h at 4°C, after which 50 ,l of a 10% (w/v) suspension of formalin-fixed Staphylococcus aureus, Cowan strain 1, in 0.1 M-Tris buffer containing 0.1 M-KCI, 5 mM-MgCl2, 1 % (v/v) Triton X-100 and 0.5% (w/v) NaN3, were added. After agitation for 3 h at 4°C, the bacterial cells were sedimented by centrifugation for 1 min at 15000 g and the pellets were washed in the buffered detergent solution. Finally, the pellets were dissociated by heating at 100°C for 2 min in 50 ,ul of 0.125 M-Tris buffer, pH 6.8, containing 2% (w/v) of SDS and 5% (v/v) of 2-mercaptoethanol and the bacterial cells removed by centrifugation at 15000 g for 15 min.
Immunoaffinity chromatography
The purified rabbit anti-(mouse cauda fluid) antibody was coupled to Sepharose 4B by allowing 20 mg of the purified immunoglobulin to react for 2 h at 4°C with 1 g of CNBr-activated Sepharose 4B in 0.1 M-NaHCO3 buffer, pH 8.3, containing 0.5 M-NaCl. The gel was then washed extensively with the NaHCO3 buffer and suspended for 2 h at 20°C in an aq. 1 M-ethanolamine at pH 8.0. Finally, the gel was washed alternately with high-pH (0.1 M-Tris, pH 8.5) and low-pH (0.1 M-sodium acetate, pH 4.0) buffers containing 0.5 M-NaCl. A 5 ml portion of the [35S]methionine-labelled proteins (1 x 105 d.p.m.) which had been synthesized by the mouse epididymis was applied to a 3.5 ml column of the immobilized antibody in PBS. The column was eluted with PBS until the radioactivity of the eluate had returned to background level. Proteins which had been retained on the column by the immobilized antibody were desorbed with 0.2 M-glycine/HCl buffer, pH 2.8.
Gel electrophoresis
Electrophoretic fractionation of proteins on polyacrylamide gels was carried out as described by Laemmli (1970) and Laemmli & Favre (1973) . The proteins were stained with Coomassie Brilliant Blue R250 and the electropherograms were prepared for fluorography by the method of Bonner & Lasky (1974) .
RESULTS

Specificity of the antibody preparation towards reproductive tissue
The effectiveness of the immunoadsorption procedure for removing antibodies which were not directed against the proteins specific to the epididymis was monitored by using double-diffusion tests in 1 % (w/v) agarose gels in PBS (Ouchterlony, 1967) . In all tests the solution being examined for antigenicity was diluted to contain 0.5 mg of protein/ml, and serial dilutions of the antibody were applied to the gel. Having completed the sequence of immunoadsorptions, the antibody preparation showed no detectable reactivity against: homogenates of brain, liver, kidney or spleen; mouse blood plasma or extracts prepared from blood cells using 1 % (w/v) solution of Triton X-100 in PBS; mouse or rat testicular cytosol. Before purification by the immunoadsorption technique, the antibody preparation reacted with all of those solutions.
The purified antibody gave rise to three distinct precipitin lines with fluid from the cauda epididymis. Fluids from the caput epididymis and vas deferens gave rise each to a single precipitin line, but the antigens in those two fluids were different from each other: the corpus epididymis appeared to contain both of those antigens.
Extracts, prepared by using a 1 % (w/v) solution of Triton X-100 in PBS, from spermatozoa flushed from the cauda epididymis and vas deferens of the mouse were strongly antigenic. By contrast, no antigenic activity was detected in extracts of spermatozoa flushed from any part of the reproductive tract of the male rat. The three antigenic species in the luminal fluid of the cauda epididymis of the mouse were tentatively shown to be glycoproteins. When 5 ml of this fluid was chromatographed on a column of Concanavalin A-Sepharose (1 cm x 6 cm) equilibrated with PBS, all antigenic activity was adsorbed and was eluted from the column by a 0.5 M solution of a-methyl D-mannoside in PBS, but not by 0.5 M-NaCl.
Antigenic activity of the epididymis and spermatozoa
The synthesis and secretion of the antigens were demonstrated by immunofluorescence staining of thin transverse sections cut from the epididymis. The reproductive tracts from several mice were compared and Vol. 241 . Fluorescent-antibody staining of a section cut from the distal cauda epididymis of the mouse and allowed to react sequentially with an antibody preparation raised in the rabbit against fluid from the lumen of the cauda epididymis, followed by FITC-conjugated goat anti-rabbit antibody Fluorescence is seen both on the apical stercocilia and on the spermatozoa in the lumen (magnification x 1230). the distribution of antigens was consistent. Optimum conditions for the staining reaction were determined by varying independently the concentrations of both primary and secondary antibodies and by substitution of pre-immune rabbit serum in place of the primary antibody. Non-specific fluorescence was undetectable when sections from non-reproductive tissues were assayed with the primary and secondary antibodies at dilutions of 500-and 100-fold respectively.
There was increasing antigenic reactivity along the length of the epididymis and into the vas deferens. The comparative responses to the antibodies of the caput and proximal cauda epididymis are shown in Fig. 1 . In the case of the caput epididymis no fluorescence was detected in sections from the proximal region, but in the distal caput (Fig. la) the columnar cells and their stereocillia projecting into the lumen showed some fluorescence due to the single antigenic species detected in this tissue by the agarose diffusion test. The same pattern of fluorescence was seen in the corpus epididymis. In contrast, the proximal cauda epididymis (Fig. lb) showed a marked increase in fluorescence in the cells surrounding the lumen and also on some spermatozoa in the lumen itself. At the stage of the distal cauda epididymis, the levels of fluorescence of the cells surrounding the lumen had diminished considerably, compared with the proximal cauda. Fluorescence was seen on the apical stereocilia and the spermatozoa were strongly fluorescent (Fig. 2) . These results suggest that the antigens are synthesized and secreted only at defined locations along the length of the epididymis and that antigen synthesis ceases in the distal cauda epididymis.
When the tissue slices were stained with peroxidaseconjugated secondary antibody in place of the FITCconjugated antibody, the details of the cellular structures were revealed more clearly. The sensitivity of the peroxidase-catalysed reaction for the detection of antigenicity was, however, lower than that of the fluorescence technique. Use of the peroxidase-conjugated anti-rabbit antibody did serve to confirm that the distribution of antigenicity in the epididymis was that previously established with the fluorescent probe.
Immunofluorescence analysis of spermatozoa
The antigenicity of spermatozoa that had been removed from individual segments of the epididymis and vas deferens was assessed by using the primary and FITC-conjugated secondary antibodies under the conditions described above. As controls, spermatozoa from each stage of the reproductive tract were incubated with solutions in which either the primary or secondary antibody was omitted and replaced, respectively, by pre-immune rabbit serum or normal goat serum. No fluorescence was detectable on the spermatozoa when either antibody was missing from the reaction. No antigenic reactivity was detectable on spermatozoa from the caput epididymis, but there was a progressive increase in the extent of binding of fluorescent antibody to spermatozoa as they migrated through the corpus and cauda epididymis and to the vas deferens. Spermatozoa from the corpus epididymis reacted to give a faint fluorescence over the midpiece and tail regions, with a lesser fluorescence over the head (Fig. 3, panel a) . The distribution of antigens on spermatozoa from the cauda epididymis varied, and was either as shown in Fig. 3 , panels c or d. Fluorescence was either distributed generally over the entire spermatozoa or there was a marked increase in intensity on the anterior portion of the head (Fig. 3, panel c ). These differences in the patterns of the localization of the antigens on the cauda spermatozoa suggest that a rearrangement of their surface, perhaps involving loss of antigenicity, occurs during transmission of the spermatozoa from the proximal to the distal cauda epididymis. Spermatozoa from the vas deferens reacted strongly with the antibodies and showed, consistently, intense fluorescence on the tail and midpiece, together with reactivity in a crescent on the upper portion of the head. of those proteins which were secreted into the medium was chromatographed on a column of rabbit anti-(mouse cauda fluid) antibody which had been coupled to Sepharose 4B. Proteins which had adsorbed to the antibody were eluted by application (arrowed) of a solution of 0.2 M-glycine/HCI buffer, pH 2.8. Fractions (0.5 ml each) were collected.
homogenate were applied to the electrophoretogram. It was found.consistently that the rate of incorporation of [35S]methionine. was greatest in the caput epididymis. In particular, the caput epididymis synthesized in high yield a protein with an Mr of 22000 that was not detectable in the cauda epididymis. Conversely, the 26000-Mr species of protein was synthesized mainly in the corpus and cauda epididymis.
The [35S]methionine-labelled 'secreted' and 'soluble' protein fractions resulting from the culture in vitro of the caput, corpus and cauda epididymis were prepared and their antigenic components were isolated by using either immunoprecipitation or immunoaffinity chromatography. When the 'secreted protein' fraction from the cauda epididymis was applied to the column of antibody immobilized on Sepharose 4B, 23% of the radioactive protein was adsorbed to the column and was subsequently desorbed with a solution of 0.5 M-NaCl in 0.2 Mglycine/HCl buffer, pH 2.8 (Fig. 5) . By contrast, less than 1 % of the 'secreted protein' fraction from caput tissue was retarded on the column. In each case an equivalent amount (containing 1.5 x 105 d.p.m.) of radioactive protein was applied to the column. The antigenic fractions from each chromatogram were concentrated by precipitation in trichloroacetic acid, fractionated by electrophoresis and examined by radioautography. given segment of the epididymis, the electrophoretic patterns of the 'secreted' and 'soluble' antigens were identical. In the case of the cauda epididymis, three major antigens having Mr values of 16000, 26000 and 66000 together with a trace of 51000-Mr protein were identified (Fig. 6) . The 26000 Mr species was the major antigen and acounted for 72% of the radioactivity which had bound by the antibody, the remainder of the radioactivity being divided equally between the other two antigens. About 11 % of the 'secreted' radioactive proteins from the corpus epididymis bound to the immobilized antibody and, after desorption with the glycine/HCl buffer, these were resolved by electrophoresis into two antigenic species with Mr values of 26000 and 16000. The 16000-Mr species was the more abundant and amounted to 62% of the total antigenicity. There was no trace of the 66000-Mr antigen in this fraction. The secretion from the caput epididymis was weakly antigenic and this appeared to be due entirely to the protein of Mr 16000.
Immunoprecipitation of spermatozoa antigens Spermatozoa were flushed from each of the three anatomical regions of the epididymis and from the vas deferens and were labelled radioactively with isethionyl [1_-4C]acetimidate. After the reaction, the spermatozoa were removed by centrifugation and the reaction medium was retained. The spermatozoa (containing 1 x 105 d.p.m. of radioactivity insoluble in trichloroacetic acid) were washed with PBS and then extracted sequentially using solutions containing NaCl, Triton X-100 or SDS as described above, and the extracts, together with the reaction medium, were tested for antigenicity by the immunoprecipitation technique. No radioactive antigens were found in any of the extracts from caput spermatozoa.
In the cases of spermatozoa from the corpus and cauda epididymis and vas deferens, radioactive antigens were dislodged readily from the spermatozoa and were found to be mainly free in the labelling reaction medium. Repeated washing with iso-osmotic buffer at pH 8.0 removed all of the radioactive antigens from those spermatozoa. The electrophoretic patterns of the radioactive proteins extracted from cauda spermatozoa are illustrated in Fig. 7 . Extensive examination by transmission electron microscopy of the spermatozoa confirmed that their plasma membranes remained intact both during the radioactive labelling reaction with isethionyl [1 -14C]acetimidate and their subsequent extraction with iso-osmotic buffer at pH 8.0.
The antigenic proteins extracted from the corpus, cauda and vas deferens spermatozoa were identified by immunoprecipitation, followed by electrophoresis, and the predominant antigen (amounting to more than 90 O of the total) derived from each of the three types of spermatozoa migrated with an Mr of 26000. Cauda and vas-deferens spermatozoa yielded, in addition, detectable amounts of antigens with Mr 66000 and 16000 (shown arrowed in Fig. 7) , whereas the 66000-Mr antigen was not detected on corpus spermatozoa.
DISCUSSION
The results of this investigation add to the increasing evidence that there is substantial rearrangement of the surface of spermatozoa during their maturation in the epididymis. By using both polyclonal and monoclonal antibodies and several animal species, it has been shown (Barker & Amaan, 1971; Faye et al., 1980; Kohane et al., 1980; Lea et al., 1978; Moore, 1980; Vernon et al., 1982) that whenever antigens were seen to be present in epithelial cells in the epididymis, the same antigens were also found on spermatozoa in the lumen of the epididymis. In all of these studies the proximal caput epididymis was not antigenic, and reactivity with the antibodies was localized at variable distances from the distal caput epididymis. Use of the rabbit anti-(mouse cauda fluid) antibody in combination with fluorescence or peroxidase-conjugated secondary antibodies has demonstrated interesting results in this present study. Antigenic reactivity was seen both in the epithelial cells and in the lumen throughout the ductus epididymis, except in the caput epididymis, where only weak antigenicity was detected in the epithelial cells and on their apical borders. Spermatozoa in the lumen of the cauda epididymis and vas deferens reacted with the rabbit antibody, thus showing its recognition of sperm coating antigens. This was further confirmed by the demonstration of specific fluorescent labelling on washed spermatozoa released from individual segments of the epididymis and vas deferens. These findings are similar to those from immunohistochemical studies on the epididymes from the boar (Bostwick & Hunter, 1979) , hamster (Moore, 1981) and rat (Lea et al., 1978; Faye et al., 1980; Kohane et al., 1980) . Some of these results should, however, be viewed cautiously, since appropriate controls were not always included. In our experience it is essential to eliminate non-specific binding of the secondary antibody by exposing the spermatozoa to normal serum from the animal species in which that antibody was produced. This view is reinforced by the demonstration (Sethi & Brandis, 1980 ) that both mouse and human spermatozoa possess Fc receptors, and spermatozoa from the epididymis of the guinea pig bind homologous immunoglobulins to their surface, indicating the presence of Fcy receptors (De Almeida et al., 1983) .
The rabbit anti-(mouse cauda fluid) antibody preparation recognized four antigens in the epididymis and on the spermatozoa of the mouse. It is particularly interesting that the antigens were dislodged from the spermatozoa by extracting them with NaCl or by simply raising the pH of the spermatozoa suspension to pH 8.0, thus confirming that the antigens merely coated the surface of the spermatozoa and did not become incorporated into the membrane. The 16000-Mr antigen was synthesized mainly in the caput epididymis, whereas the other three antigens appeared to be produced exclusively in the cauda epididymis. Crichton & Cohen (1983) described the production of a monoclonal antibody against a 69000-Mr antigen which was located on the acrosomal cap of mouse spermatozoa, and this is possibly the same antigen as the 66000-Mr species described here. Schmell et al. (1982a,b) described a monoclonal antibody that reacted with a 68000-Mr protein on the tail of mouse spermatozoa, and Gaunt (1982) produced an antibody against a 28000-Mr cell-surface autoantigen of spermatogenesis. It is unlikely that this 28000-Mr antigen is related to the 26000-Mr protein described here, since the former antigen was present over the entire cell surfaces of spermatozoa within the testis and caput epididymis and localized on the anterior tip of the head of spermatozoa in the cauda epididymis and vas deferens. Efforts need to be directed towards purifying each of the four antigens from cauda spermatozoa and producing monospecific antibodies against each protein. The availability of such specific antibodies will allow one to compare the distribution of each of the antigens on the surface of the functionally competent spermatozoa and to explore their roles in the maintenance of spermatozoa function.
